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Are quarks strongly coupled to the QGP 
at all distance scales?  

 

What are the detailed mechanisms for 
parton-QGP interactions and responses?

 

Are there quasiparticles at any scale?
 

Is there a relevant screening length in the QGP?
 

How is rapid equilibration achieved?
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We have learned many things from leading hadrons ...
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FIG. 2: (Color online) Away-side jet widths from a Gaussian
fit by h± partner momentum for various π0 trigger momenta
in p+p (open circles), midcentral 20–60% Au+Au (solid cir-
cles), and central 0–20% Au+Au collisions (squares). For
comparison, an interpolation of the p+p is depicted (curve).
In cases where the best fit σaway > π/2 radians, the point is
off the plot.

the near and away side is the same as the p+p jet shape.
For pt

T
>7 GeV/c, agreement is found for all pa

T
. How-

ever, for pt
T
at 5–7 (4–5) GeV/c, the agreement worsens

sharply for pa
T

< 3 (4) GeV/c as the away-side jet be-
comes increasingly broad. For example, the p-values for
agreement between the p+p and Au+Au shapes for pa

T

= 1-2 GeV/c are very small (< 10−4) for pt
T
= 4–5 and

5–7 GeV/c, but indicate reasonable agreement (0.33 and
0.16) for pt

T
= 7–9 and 9–12 GeV/c, respectively. The

statistical precision of the experimental data does not
allow conclusion of a sharp transition in the shape; how-
ever, there is a clear indication of a trend towards either
much smaller modification or unmodifed jet shapes for
higher pt

T
at all pa

T
. To confirm this finding, we compared

the away-side distributions in Au+Au central events for
pt
T
5–7 GeV/c with pt

T
7–9 GeV/c for pa

T
1–2 GeV/c (see

Fig. 1) and find the probability that they have a common
source is small (p-value < 0.07).

The lack of large away-side shape modification for pt
T

> 7 GeV/c and pa
T
< 3 GeV/c is surprising as medium

response effects are not generally expected to decrease
at larger pt

T
. In descriptions where the medium-induced

energy loss (∆E) is nearly proportional to the initial par-
ton energy (E) [22], and where the lost energy produces
a medium response, a larger medium modification is ex-
pected for higher momentum partons. Within our statis-
tical precision, no evidence for this is seen; rather, the op-
posite is found. However, should ∆E/E fall steeply with
increasing parton pT , an increased contribution from par-
tons which have lost little energy could make an observa-
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FIG. 3: (Color online) Away-side IAA for a narrow “head”
|∆φ− π| < π/6 selection (solid squares) and the entire away-
side, |∆φ−π| < π/2 (solid circles) vs. h± partner momentum
for various π0 trigger momenta. Calculations from two dif-
ferent predictions are shown for the head region in applicable
pT ranges. A point-to-point uncorrelated 6% normalization
uncertainty (mainly due to efficiency corrections) applies to
all measurements. For comparison, π0 RAA [23] bands are
included where ptT > 5 GeV/c.

tion of the medium response more difficult. In alternative
models of fluctuating background correlations [12, 13],
the modification is predicted to diminish at higher trigger
pT as the background contribution drops, in agreement
with observations.

In addition to the shape modification measurement,
the away-side integrated yield is determined. Away-
side jet yield modification in central collisions, shown in
Fig. 3, is measured by IAA (the ratio of conditional jet
pair yields integrated over a particular range in ∆φ in
Au+Au to p+p). The IAA uncertainties include uncorre-
lated errors (σstat), point-to-point correlated errors from
the background subtraction (σsyst), and a normalization
uncertainty from the single particle efficiency determina-
tion.

Away-side IAA values for pt
T

> 7 GeV/c tend to fall
with pa

T
for both the full away-side region (|∆φ − π| <

π/2) and for a narrower “head” selection (|∆φ−π| < π/6)
until pa

T
≈ 2–3 GeV/c, above which they become roughly

constant. The yield enhancement at pt
T
> 7 GeV/c and

pa
T
< 2 GeV/c is modest and occurs without significant

shape modification (Fig. 2). When pt
T
is decreased, the

away-side IAA differs between the two angular selections
as the shape becomes modified.

Average away-side IAA values from weighted averages
of the “head” region data in Fig. 3 for pt

T
(pa

T
) > 5(2)

GeV/c are listed in Table I for both central and midcen-
tral collisions. The fits, which are not shown, cover the
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... but leading hadron studies do have their limits

hadron

γ or hadron

surface bias, fluctuations from (modified?) fragmentation, 
bias toward high z fragmentation, increasing backgrounds 

for high pT tracks, etc
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What’s needed? 

!! Establish length dependence of energy loss. 

!! Establish energy dependence of energy loss. 

!! Measure medium modification of angular and momentum 

distribution of radiated energy. 

!! Measure quark mass dependence of energy loss. 

!! Many opportunities at RHIC and LHC: 

"! Tagged jets (energy, flavor) 

"! Angle dependence 

"! System size dependence 

"! Fully reconstructed jets 

!! A world-class jet detector at RHIC is needed 

B. Mueller, Hard Probes 2010
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dimensions, technology, additional capabilities 
still under investigation

sPHENIX strawman



Pseudorapidity (!)

PHENIX Spectrometer (2010)

sPHENIX Upgrade
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hadronic calorimetry tightens correlation between 
measured and true jet energy

– reduced high pT background
– catch neutral energy
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of fragmentation functions to high z 

limit of z-reach if rejecting tracks over 10 GeV/c
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(50x109 events ⇒ 1010 central events) W. Vogelsang, private comm.
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significant rates for heavy flavor tagged jets



Vitev and Zhang, Phys. Rev. Lett., 104:132001, 2010

one way to study the effect of the medium
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Quarkonia

G4 studies of ϒ separation
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bring it all together

• Exciting near-term program driven by current 
upgrades: VTX, FVTX, MuTrig, DAQ2010 

• Answering fundamental questions beyond that calls 
for qualitatively new capabilities

• “sPHENIX”: compact, uniform detector

• jets, quarkonia, γ-jet correlations, tagged jets

• forward physics, spin, “0th order” EIC detector

• DAQ to record 25 billion Au+Au events/20wks 

• utilize projected RHIC luminosity 

• PHENIX decadal plan: www.bnl.gov/npp

http://www.bnl.gov/npp
http://www.bnl.gov/npp


Complementarity of RHIC and LHC



Q2 PT Initial Parton

What scale sets this transition?

Tc

Probe Integrates Over a Range of Q2

pQCD
Scattering from 
Point-Like Bare
Color Charges

µD

pQCD Scattering
From Quasiparticles

with size ~ µDebye

Strong Coupling
No Quasiparticles

 µDebye ! 0

AdS/CFT

?!

" ?

What scale sets this transition?

Scattering 
from Thermal 
Mass Gluons?



Questions Observables Needs
Quarks strongly coupled
Interaction mechanisms

Jets, Dijets,
!"- Jet (FF, radiation)

Charm/Beauty Jets

J/# at multiple energies

Upsilons (all states)

Thermal Behavior
Thermalization time Direct !* flow

Quasiparticles in medium

Screening Length

Large Acceptance
High Rate
Electron ID
Photon ID
Excellent Jet Capabilities (HCAL)


